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Abstract:  
 
Objective To compare American-Indian and Caucasian mortality rates from diabetes among 
tribal Contract Health Service Delivery Areas (CHSDAs) in the Great Plains Region (GPR) and 
describe the disparities observed. 
 
Research design and methods Mortality data from the National Center for Vital Statistics and 
Seer*STAT were used to identify diabetes as the underlying cause of death for each decedent in 
the GPR from 2002 to 2010. Mortality data were abstracted and aggregated for American-
Indians and Caucasians for 25 reservation CHSDAs in the GPR. Rate ratios (RR) with 95% CIs 
were used and SEER*Stat V.8.0.4 software calculated age-adjusted diabetes mortality rates. 
 
Results Age-adjusted mortality rates for American-Indians were significantly higher than those 
for Caucasians during the 8-year period. In the GPR, American-Indians were 3.44 times more 
likely to die from diabetes than Caucasians. South Dakota had the highest RR (5.47 times that of 
Caucasians), and Iowa had the lowest RR, (1.1). Reservation CHSDA RR ranged from 1.78 to 
10.25. 
 
Conclusions American-Indians in the GPR have higher diabetes mortality rates than Caucasians 
in the GPR. Mortality rates among American-Indians persist despite special programs and 
initiatives aimed at reducing diabetes in these populations. Effective and immediate efforts are 
needed to address premature diabetes mortality among American-Indians in the GPR. 
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ABSTRACT
Objective: To compare American-Indian and
Caucasian mortality rates from diabetes among tribal
Contract Health Service Delivery Areas (CHSDAs) in the
Great Plains Region (GPR) and describe the disparities
observed.
Research design and methods: Mortality data from
the National Center for Vital Statistics and Seer*STAT
were used to identify diabetes as the underlying cause
of death for each decedent in the GPR from 2002 to
2010. Mortality data were abstracted and aggregated
for American-Indians and Caucasians for 25
reservation CHSDAs in the GPR. Rate ratios (RR) with
95% CIs were used and SEER*Stat V.8.0.4 software
calculated age-adjusted diabetes mortality rates.
Results: Age-adjusted mortality rates for American-
Indians were significantly higher than those for
Caucasians during the 8-year period. In the GPR,
American-Indians were 3.44 times more likely to die
from diabetes than Caucasians. South Dakota had the
highest RR (5.47 times that of Caucasians), and Iowa
had the lowest RR, (1.1). Reservation CHSDA RR
ranged from 1.78 to 10.25.
Conclusions: American-Indians in the GPR have
higher diabetes mortality rates than Caucasians in the
GPR. Mortality rates among American-Indians persist
despite special programs and initiatives aimed at
reducing diabetes in these populations. Effective and
immediate efforts are needed to address premature
diabetes mortality among American-Indians in the
GPR.
INTRODUCTION
Deaths from diabetes have increased signifi-
cantly in the past two decades, impacting
every state, age group, sex, and racial and
ethnic group in the USA.1 However, some
regions and populations carry a dispropor-
tionate burden of diabetes. Diabetes was the
fourth leading cause of death among
American-Indians (AIs) and Alaska Natives
(ANs) between 1999 and 2010 and the
seventh leading cause of death in the US
population.2 Diabetes was the second leading
cause of death for AIs in North Dakota, South
Dakota, Iowa, and Nebraska in 2010;3
however, these rates may be 15–25% higher
because death certificates often under-report
diabetes as the underlying cause of death.4 To
address mortality differences, public health
officials, tribes, and policymakers must first
document tribal-specific disparities. However,
this task is often difficult to complete due to
the lack of tribal-specific data, small popula-
tions, and confidentiality issues. In addition,
there is a lack of substantial data and poor
surveillance infrastructure in tribal communi-
ties. No known published study has examined
mortality rate differences in diabetes among
AIs and Caucasians residing in the same reser-
vation areas in the Great Plains Region
(GPR), (Montana, Wyoming, South Dakota,
North Dakota, Iowa, and Nebraska).
Persons with diabetes often experience
comorbidities such as heart disease, stroke, and
kidney failure. Many patients with diabetes
experience increased mortality from pneumo-
nia and influenza.4 AIs experience more
comorbidities and more severe complications
from diabetes that lead to premature mortality.
A recent study in South Dakota compared AI
adults with diabetes and the US adult popula-
tion with diabetes and found a higher preva-
lence of hypertension, cerebrovascular disease,
lower extremity amputations, mental health dis-
orders, and liver disease among the AI adults.5
Key messages
▪ American-Indians are 3.44 times more likely to
die from diabetes than Caucasians living in the
same geographic areas, despite extensive efforts
to address these disparities. American-Indians
living in South Dakota have the highest mortality
rates from diabetes in the Great Plains Region
and the reasons for this are not clear.
▪ Existing diabetes mortality data are available and
programs such as SEER*Stat are a useful tool for
hard to reach populations, such as American-
Indians where small population size and a lack of
tribal-specific data are common barriers.
▪ Future research between universities and tribes
should use tribal partnerships and consortia. This
will help ensure researchers use methods that are
appropriate for the population and culture while
recognizing the unique tribal and geographic vari-
ation as they relate to diabetes mortality.
BMJ Open Diabetes Research and Care 2015;3:e000070. doi:10.1136/bmjdrc-2014-000070 1
Open Access Research
group.bmj.com on November 7, 2016 - Published by http://drc.bmj.com/Downloaded from 
Often, AIs experience additional risk factors for dia-
betes complications than other racial and ethnic groups.
AIs over the age of 25 years are less likely to have a
college degree or high school diploma and 77% of them
have a high school diploma compared with 91% of
Caucasians.6 AIs report higher rates of smoking, obesity,
and unhealthy diets, all of which increase the risk of dia-
betes and death from diabetes.7 8 AIs also report signifi-
cantly lower income than Caucasians. In 2010, the
median income for AIs in the USA was $39 664 compared
with $67 892 for Caucasians.9 Low income is linked with
persistent poverty conditions. Lower income and persist-
ent poverty are associated with higher mortality from all
causes in the general US population.10 11
AI communities experience segregation, oppression,
and discrimination, often linked to colonization,12 13 and
these factors may contribute to differences in diabetes
mortality and inequalities in health outcomes across
tribal nations. As a racial minority, AIs may experience
racial oppressions that contribute to health differences.14
AIs may experience more discrimination from healthcare
providers than Caucasians15 and this may influence how
they seek care, prevent or manage diabetes, and cope
with complications from diabetes. Healthcare service and
delivery for AIs are often described by geographic region.
In the GPR, AIs represent a relatively small percent of
the population as a racial minority. However, AIs are an
important group to study because of mounting evidence
that they experience extreme health disparities and pre-
mature mortality.16–18 Similarly, in the USA, racial and
ethnic minorities have poorer health than Caucasians19–21
and report higher mortality from diabetes.
The purpose of this study was to document diabetes
mortality among AIs and Caucasians in the GPR and
describe the differences observed. One unique contribu-
tion of this study is the use of a tribally recommended
approach for calculating reservation-specific mortality
rates.
RESEARCH DESIGN AND METHODS
Description of study area
The GPR as defined for the study encompasses 6 states
and 25 tribal Contract Health Service Delivery Area
(CHSDA) regions: Montana, Wyoming, North Dakota,
South Dakota, Nebraska, and Iowa. This does not include
Minnesota or Wisconsin, which are sometimes defined as
part of the GPR, because the Great Plains Tribal
Chairman’s Health Board and the Montana Wyoming
Tribal Leaders Council were partners in this study, and
they do not serve tribes in the Minnesota or Wisconsin
areas. Combined, the GPR includes 6 states, 390 counties,
and 7 641 494 persons, of whom 74.6% were Caucasian
and 4.17% were AI.22 This study focuses on 78.8% of the
population who are AI alone or Caucasian alone. Other
populations in the GPR include Hispanic/Latino, Asian
Pacific Islander, African-American, Native Hawaiian, and
two or more races; however, the predominant racial
classification in Montana, South Dakota, and North
Dakota is Caucasian alone and AI alone. This study
focused on these groups and observed differences.
American Indians
AIs and ANs are tribal groups in the USA and therefore
are not truly ethnic minorities. The 2010 census
reported that 5.2 million people identified their race as
AI/AN alone or in addition to another racial category.
Of these, 2.9 million identified themselves as AI/AN
alone and 2.3 million people as AI/AN in combination
with another race. The AI/AN population has increased
39% since 2000.6 The Bureau of Indian Affairs recog-
nizes 566 different tribal groups and of these, 25 reserva-
tions are located in the GPR.23 In this study, AI refers to
the indigenous peoples of the GPR. Few ANs reside in
this region. AIs in this study were identified in the data
based on death certificates.
Reservation CHSDA regions
CHSDA regions are comprised of counties located on or
bordering federally recognized tribal lands (eg, §42 CFR
136.22). Approximately 57% of the AI population
resides in 624 tribal CHSDA counties throughout the
USA.24 In the GPR, 110 of the counties have CHSDA
status. Within these CHSDA areas, health services are
provided from public or private medical or hospital facil-
ities at the expense of the Indian Health Service if
funding is available. CHSDA counties are often used by
researchers and federal programs to identify AI popula-
tions and subsequent county-based mortality rates by
racial classification (AI vs Caucasian). For example, the
Surveillance, Epidemiology, and End Results (SEER)
program uses CHSDA status to classify segments of the
US population by county, race, region, and disease-
specific mortality.25 Reservation CHSDA regions have
higher AI populations and often report less misclassifica-
tion of AI status when compared with non-CHSDA coun-
ties.3 24 However, the use of reservation CHSDA counties
must be approached with caution because tribes do not
always feel that federally designated reservation CHSDA
regions accurately represent their tribe(s) and tribal
members (Giroux, personal communication, January 13,
2013). In this study, the researcher consulted with two
tribal health boards in the GPR, the Northern Plains
Tribal Epidemiology Center and the Montana Wyoming
Tribal Leaders Council, to determine which counties
should be included in tribal-specific analyses. For
example, some tribes in the GPR prefer that reservation
counties are used instead of CHSDA counties.3 Also, res-
ervation CHSDA counties may overlap and therefore
tribal-specific mortality rates must be interpreted with
caution. Of the 118 counties included in the GPR, 20
overlap and are shared by more than one reservation
CHSDA region. In this study, diabetes mortality data are
based on 110 CHSDA counties and 8 additional reserva-
tion counties. Combined, this area makes up 25 reserva-
tion CHSDA regions.
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The reservations and counties linked to tribes in the
current study were identified and defined based on previ-
ous work with tribal leaders in the area3 and county desig-
nations from the 2000 US Census. Reservation CHSDA
region data were used because tribal registries are not
available in these areas, and reservation CHSDAs provide
the most comprehensive area to measure of mortality
between AIs and Caucasians in the GPR. In order to cal-
culate reservation CHSDA region diabetes mortality rate
ratios (RR) between AIs and Caucasians living in the
same county, this study combined multiple counties that
make up reservation CHSDAs. Tribes and reservations
were designated based on federal recognition and the
counties that made up reservation boundaries.3 23
Data
SEER*Stat data were used to examine diabetes as the
underlying cause of death by AI versus Caucasian status
from 2002 to 2010. Multiyear data were aggregated from
2002 to 2010 to limit potential instability of county rates, as
suggested by a previous research report.24 The National
Center for Vital Statistics National Statistics System in the
USA provides coverage of deaths within the GPR by
county and includes county of residence, race/ethnicity,
and underlying cause of death for each decedent by year.
Only individuals who self-reported one race, AI (or AN),
were counted as decedents in the numerator. Population
characteristics from the US Census Bureau’s Population
Estimates Program incorporate intercensal populations by
year, county, race, sex, and age. Population characteristics
were used to calcualte rates and only individuals who
self-report as exclusively AI (or AN) were included in the
denominator and very few ANs (<0.01%) reside in this
geographic area. Deaths coded according to the
International Classification of Diseases, 10th Revision
(ICD-10) standards and only underlying causes of death
“Diabetes Mellitus” (ICD-10: E10-E14) were used to calcu-
late mortality rates from the SEER 2002–2010 US mortality
registry.25
Diabetes mortality rates were expressed per 100 000
persons and age-adjusted to eliminate the effect of dif-
ferences in age composition among AIs and Caucasians.
SEER*Stat 8.0.4 software calculated age-adjusted dia-
betes mortality rates using the 2000 US standard popula-
tion.25 Data were suppressed by SEER when <10 deaths
occurred during the time period of interest. Mortality
rates between AI and Caucasian populations were com-
pared by RR with 95% CIs.
RESULTS
The age-adjusted diabetes mortality rates among AIs res-
iding in reservation CHSDA areas were significantly
higher at 71 per 100 000 than among Caucasians resid-
ing in the same areas at 20.6 per 100 000. In the GPR,
this mortality RR is 3.44 times higher among AIs than
among the Caucasians. This is significantly higher than
the US mortality rate for AI/ANs of 20.5 per 100 000.25
Table 1 shows differences in mortality rates by state in
the GPR, with South Dakota having the highest mortality
RR of any state in the region. The mortality rates among
AIs were significantly higher than Caucasians for all
states in the GPR with the exception of Iowa.
Table 1 2002–2010 Diabetes mortality RR by state in the Great Plains Region
Lower CI RR* Upper CI RR† Lower CI RR Upper CI RR RR p value
Montana
AI 69.3† 59.7 79.8 3.36‡ 2.88 3.90 0.00
Caucasian 20.6 19.7 21.5
North Dakota
AI 93.2† 77.8 110.4 3.92‡ 3.25 4.68 0.00
Caucasian 23.8 22.6 24.9
South Dakota
AI 111.7† 99.3 125.2 5.47‡ 4.81 6.19 0.00
Caucasian 20.4 19.5 21.5
Nebraska
AI 48.6† 37.5 61.6 2.37‡ 1.82 3.01 0.00
Caucasian 20.5 19.8 21.2
Iowa
AI 21.9 14.9 30.4 1.10 0.758 1.55 0.60
Caucasian 19.7 19.2 20.2
Wyoming
AI 71.3† 52 94.4 3.1‡ 2.23 4.11 0.00
Caucasian 23.1 21.8 24.6
RR ALs versus Caucasians.
*RR per 100 000 deaths age adjusted.
†RRs are expressed as mortality RR comparing ALs with Caucasians by state.
‡Denotes statistical significance at the p<0.0001 level.
AL, American-Indian; RR, rate ratio.
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There was a variation in mortality rates from diabetes
by reservation CHSDA region. The Confederated Salish
and Kootenai tribes of Montana had the lowest RR, 1.78
times higher for AIs than Caucasians in the same reser-
vation CHSDA counties, while the Sac and Fox tribes of
Iowa had the highest RR, 10.25 times higher for AIs
than Caucasians in the same reservation CHSDA coun-
ties. This was surprising based on the state-specific RR in
table 1, where Iowa had the lowest RR (1.1) between AIs
and Caucasians aggregated at the state level. However,
the mortality rate for the Sac and Fox tribes of Iowa
includes only those CHSDA counties within or border-
ing the reservation. AIs living off the reservation experi-
ence lower diabetes mortality than those living on the
reservation. The Omaha tribe of Nebraska had the
highest rate, 181.9 per 100 000 population, followed by
the Sac and Fox tribes of Iowa. South Dakota had more
reservations with rates higher than North Dakota,
Montana, or Wyoming (see table 2).
CONCLUSIONS
There was substantial variation between AIs and
Caucasians in the same geographies. There was also vari-
ation between tribes and by geographies. For example,
two tribes in Montana shared one county; however, one
tribe’s diabetes mortality RR was 5.91 compared with the
other tribe’s RR of 3.84. Both tribes reported higher
RRs than the overall RR for Montana of 3.36; however,
one tribe was significantly higher than both. In South
Dakota, two tribes shared one county and their mortality
RR were 5.3 and 5.8. These rates were similar to the
South Dakota state ratio of 5.47.
AIs experience higher mortality from diabetes than
Caucasians living in the same geographic areas, in this
case reservation CHSDAs and specific states. This may be
related to several risk factors and conditions described in
previous reports, including low income, low education,
obesity, smoking, genetic predisposition, westernization,
loss of traditional foods, barriers to seeking treatment,
Table 2 Mortality rates* and RR by tribal CHSDA regions
Tribe, state #Deaths Rate SE
Lower
CI
Upper
CI RR†
Lower CI
RR
Upper CI
RR
RR p
value
Conf.SalishKootenai, MT 408 33.0 7.3 20.3 50.1 1.78 1.08 2.74 0.02
Ponca, NE 2075 43.8 7.2 30.8 59.6 2.09 1.47 2.86 0.00
ChippewaCree, MT 68 57.0 16.8 29 100.5 2.57 1.23 4.91 0.01
AssiniboineGrosVentre, MT 37 67.0 19 35.1 114.3 3.42 1.49 7.10 0.00
SpiritLakeDakota, ND 96 93.6 24.3 52.2 152.9 3.70 1.94 6.48 0.00
Crow, MT 490 81.5 12.5 58.9 109 3.84 2.74 5.23 0.00
TurtleMtnChippewa, ND 76 122.5 16.7 91.9 159.1 4.03 2.094 7.67 0.00
Winnebago, NE 427 104.0 19 70.3 146.5 4.19 2.79 6.007 0.00
RosebudSioux, SD 147 101.4 13 77.5 129.8 4.24 2.94 5.98 0.00
Mandan,Hidatsa, Arikara,
ND
766 125.6 15.3 97.4 158.7 4.68 3.59 5.99 0.00
ShoshoneAraphoe, WY 207 113.8 18.9 79.9 155.7 4.77 3.23 6.80 0.00
AssiniboineSioux, MT 136 119.1 21.2 81.3 166.7 4.92 3.16 7.34 0.00
Blackfeet, MT 78 106.7 16.6 76.7 143.6 5.13 3.03 8.51 0.00
StandingRock, SD‡ – – – – – – – – –
OgalaSioux, SD 446 110.9 8.9 94.2 129.5 5.77 4.70 7.05 0.00
CrowCreekSioux, SD§ 120 148.7 32.3 92.3 222.3 5.84 3.45 9.25 0.00
NorthernCheyenne, MT 81 114.5 17.7 82.4 153.6 5.91 3.49 9.93 0.00
CheyenneRiverSioux, SD 198 146.9 18.4 113 186.8 6.04 4.38 8.19 0.00
SissetonWahpetonOyate,
SD
206 142.0 29.9 89.6 210.3 7.04 4.32 10.78 0.00
YanktonSioux, SD 183 154.3 30.3 100.7 223.7 7.05 4.41 10.66 0.00
Omaha, NE 151 181.9 34.8 120.1 261.3 9.05 5.68 13.72 0.00
Sac&Fox, IA 32 173.0 57.3 79.6 315.1 10.25 4.33 20.66 0.00
Santee Sioux ¶ ¶
Flandreau ¶ ¶
Lower Brule Sioux§ ¶ ¶
*RR ALs versus Caucasians.
†Death rate per 100 000.
‡The Standing Rock tribe of South Dakota did not want tribal-specific rates published.
§GPTCHB requested that tribal county be used instead of CHSDA AI population. Surveillance Research Program, National Cancer Institute
SEER*Stat software (http://www.seer.cancer.gov/seerstat) V.8.0. SEER Program (http://www.seer.cancer.gov) SEER*Stat Database: Mortality
—All COD, Public-Use With County, Total U.S. for Expanded Races (2002–2010), National Cancer Institute, DCCPS, Surveillance Research
Program, Cancer Statistics Branch, released July 2013. Underlying mortality data provided by NCHS (http://www.cdc.gov/nchs).
¶Less than 10 cases.
AL, American-Indian; CHSDA, Contract Health Service Delivery Area; GPTCHB, Great Plains Tribal Chairmen’s Health Board; RR, rate ratio;
SEER, Surveillance, Epidemiology, and End Results.
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discrimination, severe complications related to diabetes,
high rates of cardiovascular disease and other comorbid-
ities, cultural differences in diabetes based on how it is
perceived and treated, and others.26–30 These individual
risk factors may be magnified in certain AI populations
and geographies where diabetes mortality rates are the
highest.
Possible explanations for increased mortality among
AIs in the GPR may be related to the higher prevalence
of diabetes in the GPR and the presence of more risk
factors associated with diabetes and premature mortality
often found in reservation CHSDA areas. For example,
the estimated prevalence of diabetes among all residents
living in reservation CHSDAs in the GPR is 8.20% com-
pared with 7.46% of non-CHSDAs in the GPR.26 Among
reservation CHSDAs in the GPR, 20.73% report limited
food access compared with 14.76% of non-CHSDAs.31
Smoking is a behavioral risk factor that contributes to
premature mortality and among tribal CHSDAs, the rates
are higher, 21.07% compared with 18.40%.32 Poverty is
another contributing factor and differences between
non-CHSDAs and tribal CHSDAs are pronounced where
persistent poverty and persistent child poverty is less than
1% in non-CHSDAs, but 18.35% of tribal CHSDAs
experience persistent poverty and 24.77% of tribal
CHSDAs have persistent child poverty33 (figure 1).
To address these differences based on tribe and geog-
raphy, future studies could examine tribal-specific
factors and geographies associated with lower diabetes
mortality. This line of research could examine diabetes
disparities using a strength-based approach, where tribes
with lower mortality rates are involved in assessing the
individual-level and population-level characteristics that
may be protective against diabetes and subsequent mor-
tality. Examining differences using social determinants
of health framework might provide insights into the
environment, conditions, and modifiable risk factors
associated with diabetes disparities.19 34
By documenting mortality rate differences based on
state, region, and tribal area, this study underscores the
need for effective tribe-specific public health initiatives,
policies, and interventions. First, immediate efforts
might focus on communicating and describing the
extent of disparities with tribal leaders and community
members. Knowledge of great documented disparities in
diabetes mortality might compel federal funding agen-
cies, community health programs, the Indian Health
Service, and families to take action. Second, tribes in the
GPR might consider sharing best practices and lessons
learned from previous diabetes prevention and interven-
tions. For example, the variation of diabetes mortality in
the GPR among AIs shows that some tribes have signifi-
cantly lower mortality rates than others. Finally, since
every tribe has a unique culture, history, language, and
geography, differences in diabetes mortality must be
addressed through the lens of the tribal population
experiencing them, with assistance from public health
professionals, policymakers, and tribal leaders.3 15 17
Higher rates of diabetes mortality among AIs living in
reservation CHSDAs may be related to oppression and
discrimination.14 15 Documenting and understanding
risk factors as they relate to diabetes mortality may
inform future interventions aimed at alleviating dispar-
ities reported in this study.
This study has some limitations and several strengths.
Accurately reporting and assessing diabetes mortality in
all populations including AIs can be challenging, given
that death certificates may be incomplete, inaccurate, or
under-report AI status.16 Another challenge with report-
ing and estimating diabetes deaths stems from the com-
plications and comorbidities associated with diabetes.20
For example, the majority of diabetes-related deaths
report the underlying cause of death as cardiovascular
disease and a contributing cause of death as diabetes. In
this study, only the underlying cause of death as diabetes
was examined, and the contributing cause of death was
not. These limitations are balanced by several strengths
including these: tribally recommended design; the sec-
ondary data source used provides an efficient approach
to improved understanding about disparities in diabetes
mortality by tribe and region. The tribally recommended
design used to identify reservation CHSDA regions was
shared with the lead author by the Northern Plains Tribal
Epidemiology Center, informed by tribal leaders and
tribal health directors. Next, the lead author extracted
the data and compiled the results. Results were shared
with the tribal consortiums as a first step in documenting
diabetes disparities. In the coming months, the lead
author will present the results of this study to tribes in the
GPR while supporting future efforts and programs aimed
at eliminating differences in diabetes mortality. Tribes
and public health officials agree that documenting dis-
parities to show that they exist is the first of many steps in
achieving health equity for all, including AIs.
In summary, this study adds to the literature a clear
picture of the geographic and tribal-specific disparities in
the GPR that have not been published previously.
Researchers, public health professionals, clinicians, com-
munity members, and policymakers working inFigure 1 Characteristics of reservation and non-reservation
counties.26–29
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partnership with and in communities must take immedi-
ate action through multifaceted strategies to reduce dis-
parities that lead to early mortality among AIs. The time
to do this is now. These results are a call to further action
to address these severe tribal disparities.
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